To come to a better understanding of the dietinduced cholesterol-ester storage in the gerbil liver, the reactions of the gerbil to 0·2070 of cholesterol in the diet during 4 weeks were compared with those of the rat consuming the same diet. The major reason for the increased hepatic cholesterol-ester storage in the cholesterolfed gerbil is the low cholesterol turnover in this species. This contrasts with the rat. Although faecal acidic steroid excretion can be slightly increased during cholesterol feeding in the gerbil, this increase is not sufficient to compensate for the quantity of dietary cholesterol when administered at the 0·2070 level. in diet-induced cholesterol-ester storage in the gerbil have not been sufficiently elucidated. In contrast with the gerbil, the feeding of cholesterol to the rat only causes a relatively small rise in liver cholesterol-ester content, while serum cholesterol hardly shows any increase at all (Beher et al., 1963; Story et al., 1981). By comparing the response to dietary cholesterol of the gerbil with the rat, the underlying mechanism(s) leading to cholesterol-ester storage in the gerbil might be better understood. Since the liver is the main site of cholesterol-ester accumulation, we focused on hepatic cholesterol metabolism.
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Methods
Ten I· 5-month-old male Wistar rats and 10 2· 5-month-old male gerbils were divided into 2 dietary groups per species. One group of each species received a commercial diet (B) with a cholesterol content of 60 mg/kg according to the manufacturers analysis. The other group (BC) received the same commercial diet with 0·2070 (w/w) of cholesterol added by the manufacturer (Hope Farms BV, Woerden, The Netherlands). In this latter diet the contents of choline and inositol were increased by 50070up to concentrations of 2200 and 1125 mg/kg, respectively. The animals were fed ad libitum. The diet was continued for 4 weeks. The animals were kept in rooms at a temperature of 20°C and a relative humidity of 50070, and were housed in standard laboratory cages with a wire mesh lid. The lights were on from 0700 to 1700h.
During the last 4 days each animal was kept in a separate metabolism cage, which enabled the collection of urine and faeces separately, and enabled the measurement of individual food intake during that period. The gerbils were killed between 0800 and 0900 h and the rats between 1200 and 1300 h, at which time in each species the circadian cycle of activity of 3-hydroxy-3-methylglutaryl CoA reductase (HMGCR, ratelimiting enzyme in cholesterol biosynthesis) was at its nadir. In the gerbil this nadir had to be determined first. In the rat, bile was sampled by cannulating the bile duct for 30 min during pentobarbital anaesthesia (6 mg/1oo g of body weight). Blood was withdrawn by open chest cardiac puncture. In the gerbil, the gallbladder was excised after ligation of the bile duct. Furthermore, one kidney and part of the small intestine were removed and, after rinsing with saline, frozen at -20°C, as was a small part of the liver. The remaining part of the liver was immediately chilled in 10 ml of ice-cold homogenizing medium.
Analysis
Total serum cholesterol was determined enzymatically with the Testcombination Cholesterin (CHOD-PAP method, Boehringer Mannheim GmbH).
After killing the adult gerbils, we removed the intestines. Tissue cholesterol was extracted with chloroform-methanol (2: 1) according to Folch et al. (1957) . The total cholesterol and non-esterified cholesterol contents were determined by gas-chromatograph (Muskiet et al., 1983) .
Samples of 300 mg of faeces collected during 4 consecutive days were extracted with ethanol and subsequently with chloroform-methanol 2: 1 according to Setchell et al. (1983) , after addition of 5{j-cholan-3a, 7a, 12a, 24-tetrol as internal standard. The total bile-acid content of the extract was determined with an enzymatic fluorimetric assay (Sterognost-Flu, Nyegaard and Company, Oslo, Norway). After formation of trimethylsilyl ether derivatives, the neutral steroids were determined gas-chromatographically on a HP 5880 gas-chromatograph with a CPSil-19 fused silica column (Chrompack BV, Middelburg, The Netherlands).
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Total bile acid concentration in bile was determined in 5 ILlof bile using an enzymatic fluorimetric assay. Cholesterol in bile was measured after lipid extraction (Bligh & Dyer, 1959) after the method of Gamble et al. (1978) .
Glycocholic acid concentration in the plasma was determined by radioimmunoassay (RIA CG, Abbott Laboratories, Chicago, USA). Bile acids in bile were analysed by high-pressure liquid chromatography (Ruben & Berge-Henegouwen, 1982) . Urinary bile alcohols were determined by capillary gas-chromatography according to Wolthers et al. (1983) .
Preparation of microsomes and enzYme assays
The liver was cut into small pieces and homogenized with 6 blows of a tightly fitting Potter Elvehem homogenizer. The homogenizing medium consisted of O' 1M sucrose; 0,05 M KCl; 0'04M K 3 P0 4 ; and 0,03 M EDTA; (pH 7, 2). After homogenization the suspension was centrifuged twice at 10000g for 15min. Next the supernatant was centrifuged at 100000 g for 60 min. The pellet was resuspended in the homogenization medium and 10 mM of dithiothreitol was added to the micro somes for the HMGCR assay. After rehomogenization the micro somes were frozen at -20°C. The whole procedure was performed on ice.
Liver and microsomal proteins were measured according to Lowry et al. (1951) . Within one month, the activity of HMGCR was measured according to Edwards et al. (1979) , followed by a chloroform extraction assay (Ackerman et al., 1977) . The activities of acyl-CoA: cholesterol acyltransferase (ACA T, intracellular esterification of cholesterol) and lysosomal acid lipase (AL) were assayed as described by Lichtenstein and Brecher (1980) and Patrick et al. (1976) , respectively. The latter 2 assays were performed on samples stored for less than 2 months.
Statistical analysis
Student's t-test for unpaired samples was used to compare the variables of the different groups. In case of large differences in variance between Temmerman, Vonk, Niezen-Koning, Berger & Fernandes 
Results

Animals
On diet B the food intake per day per 100g of body weight was approximately the same for the rats and the gerbils (6'2±0'6 and 7'5 ± 2'Og, respectively). On the BC-diet the food intake did not change in either species. During their stay in the metabolism cages the gerbils lost 90/0 of their body weight (significantly different from the initial weight), whereas the body weight of the rats remained the same. The mean body weight during 4 days in the metabolism cages was 71 ± 6 g and 225 ± 10 g for gerbils and rats, respectively.
Serum and tissue cholesterol content
Comparison of the data on the rats and gerbils on diet B from Table 1 shows that the gerbil had a higher serum cholesterol and liver total cholesterol, but a lower percentage of free cholesterol in the liver. On BC, however, both serum cholesterol and liver cholesterol ester content increased markedly, concomitant with an increase in liver weight. In the rat there was only a small increase in liver total cholesterol, whereas serum cholesterol did not rise at all. Kidney cholesterol on B in the gerbil and the rat was 2·9±0·5 and 3'3±0'3mg/g, respectively. On BC no significant increase was found in either species. Cholesterol content in the small intestine of the gerbil and rat on B was 2· 3 ± 0·2 and 2· 3 ± O' 3 mg/g, respectively. In the gerbil this increased to 3'1 ± O'5 mg/g, a significant increase. In the rat no significant change occurred.
Biliary steroids
Probably due to the concentration capacity of their gallbladder, both biliary cholesterol and bile acid concentration were highest in the gerbil on both diets. On BC, the biliary cholesterol concentration increased in the gerbil, whereas it decreased in the rat. Neither the gerbil nor the rat showed an increase in biliary bile acid concentration. We did not find major changes in the pattern of biliary bile acids in the gerbil: on both diets 95% of cholic acid was found, -40/0 chenodeoxycholic acid and 1-2% of deoxycholic acid. No abnormal urinary bile alcohols were observed, indicating that bile acid synthesis followed its normal pathways. The concentration of serum bile acids did not differ in the species on either diet (Table 2) . Mean values in the same column sharing a common superscript are significantly different.
Faecal steroids
On diet B both neutral and acidic steroid excretion in faeces were highest in the rat. In the gerbil the neutral steroids accounted for 240/0 of the total faecal steroids, whereas in the rat this amounted to 43%. On Be, faecal total steroid excretion in the gerbil as well as in the rat increased significantly. In the gerbil this was mainly due to an increase in faecal acidic steroids. In the rat both neutral and acidic steroids rose significantly (Table 3) .
Enzyme activities
Hepatic AL activity was higher in the gerbil than in the rat on both diets (Table 4) . On BC both species showed a decrease in activity, yet only in the rat was this decrease significant.
The HMGCR-activity on the stock diet was lower in the gerbil than in the rat but the difference was not significant. On BC, there was a significant decrease in activity in both species.
ACAT-activity was lower in the gerbil and did not increase on BC, in distinct contrast with the rat.
Discussion
The aim of this study was to improve our understanding of the severe hypercholesterolaemia and hepatic cholesterol-ester storage in the gerbil occurring on cholesterol feeding, by comparing the dietary effects with those in the rat. Rats are generally fed on a higher dietary cholesterol dosage in similar investigations, but for comparison we decided upon a lower cholesterol dosage, i.e. 0'2%, because this is already a relatively high dosage for the gerbil.
The cholesterol content in diet B is negligible in comparison to BC. Since intake of food by gerbils and rats did not differ when calculated per 100 g of body weight, the data on faecal steroid excretion during diet B (Table 3) allowed us to draw conclusions on the differences in cholesterol turnover and synthesis. The total steroid excretion of the rats being twice that of the gerbils, reflects cholesterol turnover and synthesis being twice as high. Since the gerbils were not in a steady state because they lost body weight during their stay in the metabolism cages, the difference between the species is bound to be underestimated.
We presume that the gerbils were under stress during their stay in the metabolism cage.
During cholesterol feeding, both in the gerbil and the rat, liver cholesterol synthesis was reduced indicating that hepatic cholesterol synthesis was inhibited. As for elimination from the body, our results showed that during cholesterol feeding both the rat and the gerbil were able to increase faecal steroid excretion. However, in the gerbil the capacity to increase steroid excretion on dietary cholesterol is limited since no further increase in acidic steroid excretion was found when the dietary cholesterol was increased from 0,05% to 0·2% (Ternmerman et al., 1988) . In contrast with the gerbil, the rat is able to increase acidic steroid excretion 3-fold (Wilson, 1964) . As in the gerbil the serum bile acids were not increased, the biliary bile acid pattern did not change during cholesterol feeding, and analysis of urinary bile alcohols with or without cholesterol feeding failed to show abnormalities, there are no indications that dietary cholesterol or cholesterol accumulation alter or disturb bileacid formation. The low cholesterol turnover rate of the gerbil as compared to the rat, and probably also the inability to increase faecal steroid excretion sufficiently are important factors that may account for the cholesterol-ester accumulation in the gerbil.
The increase in biliary cholesterol concentration found in the gerbil during BC is slightly contradictory to the decrease that we found in the rat on the same diet. Our data on the rat, however, are confirmed by data of other investigators (Raicht et al., 1975; Turley & Dietschy, 1979) . The latter found during 20/0of dietary cholesterol a decrease in biliary cholesterol, an unaltered bile flow and an accumulation of cholesterol esters in the liver after 12 days.
Cholesterol absorption may be an additional factor accounting for cholesterol-ester accumulation in the gerbil. Data on rats show fairly large differences, depending on the methods used. Recent data on cholesterol absorption in rats and hamsters revealed a cholesterol absorption of 16-22% in rats (Raicht et al., 1975) whereas in hamsters this was 61% (Singhal et al., 1983) . The two methods used to measure cholesterol absorption were comparable, and were applied in the same institution. In the latter study the hamster responded similarly to dietary cholesterol as the gerbil. Our data indicate that a similar difference may exist between the gerbil and the rat. It has been suggested that cholesterol-ester storage in the guineapig upon the feeding of cholesterol may be caused by a deficient hydrolysis of cholesterol ester after it enters into the hepatocyte. This deficient hydrolysis is attributed to a relative deficiency of liver-AL (Drevon & Hovig, 1977; Drevon, 1978) . However, we did not find any indication for AL deficiency in the gerbil. Furthermore, the cholesterol accumulated in the liver of the gerbil is predominantly esterified by 18 :1 fatty acids (Andersen & Holub, 1982) ,the preferred acid for ACAT whereas 18: 2 or 20: 4 are the preferred fatty acids for esterification in the bloodstream by LCAT in the rat (Myant, 1981) , and probably in the gerbil also (Nicolosi et al., 1981) . In case of a deficiency of AL, the cholesterol in the gerbil liver would be esterified by 18: 2 or 20: 4 fatty acids as in plasma, rather than by 18: 1 fatty acids. The lack of increase in liver ACA T during cholesterol feeding in this study was therefore an unexpected finding. The more so, because an increase in liver ACAT on cholesterol feeding was to be expected in view of investigations on rats and other species (Suckling & Stange, 1985 
